The caveolins belong to a newly described group of membrane-scaffolding proteins. Their presence in benign endothelial cells has been used to discriminate benign from malignant vascular neoplasms. The extent of caveolin expression in cutaneous mesenchymal neoplasms has not yet been evaluated, and thus the diagnostic utility of these antibodies is not yet known. In our study, we immunohistochemically examined a spectrum of tumors derived from smooth muscle and adipocytes for caveolin expression. We found that both benign and malignant smooth muscle tumors and tumors comprised of adipocytes expressed caveolins. The presence of this protein in a range of mesenchymal neoplasms is important to know about as this decreases the reported specificity of a positive finding. It is doubtful that caveolin down-regulation contributes to the pathogenesis of liposarcomas and leiomyosarcomas. This finding also may suggest a common origin between endothelial cells and other mesenchymal cells.
The caveolins belong to a group of structural proteins that have been described in the endothelial cells and adipocytes of benign mesenchymal tissue (1) . They appear to play a central role in forming vesicular invaginations that regulate various signal transduction proteins within these cells (1) . Caveolins may also play a role in inhibiting angiogenesis. It has been proposed that down-regulation of the caveolins may play a role in neovascularization and in the development of metastatic disease (2) (3) (4) . Caveolin expression has been described in a range of vascular neoplasms, including lobular capillary hemangiomas, targetoid hemosiderotic hemangiomas, and tufted angiomas (5) . In the same study, decreased expression of this protein was detected in angiosarcomas, Kaposi's sarcoma, and epithelioid hemangioendotheliomas (5) . These results suggest that anti-caveolin antibodies may play a useful role in attempting to distinguish benign from malignant vascular neoplasms.
Some authors have described caveolin expression in benign adipocytes (1) , but this finding has not been replicated in all studies (5) . However, neoplasms derived from (or differentiating toward) other types of mesenchymal cells have not been studied. Because the differential diagnosis of mesenchymal neoplasms in the skin often includes tumors of smooth muscle cells and adipocytes, we examined a series of these types of neoplasms for the expression of this cytoplasmic protein. Differential expression of this protein may prove to be diagnostically helpful in further distinguishing between these histologically similar neoplasms.
MATERIALS AND METHODS
Biopsies of soft-tissue neoplasms were obtained from the pathology tissue files at the University of Arkansas for Medical Sciences (UAMS) between 1997 and 2000. The lesions consisted of ten intrauterine leiomyomas, twenty-three lipomas (one cutaneous lipoma, eight deep lipomas, one chondroid lipoma, two spindle cell lipomas, four angiomyolipomas, six angiolipomas, and one thymolipoma), sixteen leiomyosarcomas (six high grade, three intermediate grade, one low grade, two myxoid, two metastatic, and two which were not graded), and twenty-eight liposarcomas (nine high grade, four intermediate grade, fifteen low grade). The single cutaneous lipoma was located on the forehead, the deep lipomas were located in the soft tissue of the back and extremities, the angiomyolipomas were all located in kidneys, and the angiolipomas were located in the soft tissue and skin of the upper extremities, with a single case located in the soft tissue of the abdominal wall. The leiomyosarcomas were located in the uterus (seven), the vena cava (two), and a single case was located in each of the following: maxillary sinus, stomach, vagina, rectum, pancreas, lung, and pelvis. The liposarcomas were located in the upper extremity (seven), the lower extremity (fifteen), the groin (three), the small bowel (two), and the chest wall (one). Hematoxylin and eosin (H&E)-stained sections were diagnosed by various staff pathologists at UAMS. These diagnoses were confirmed by one of us (BRS) before initiating the study.
All specimens were fixed in 10% formalin and embedded in paraffin. Three-m sections were cut and mounted on 3-aminopropyltrethoxy-silane (APS)-coated slides, dried, and deparaffinized before undergoing antigen retrieval by heat treatment, via a decloaking chamber (Biocare, Walnut Creek, CA), in DAKO Target Retrieval solution (DAKO, Carpenteria, CA). Immunohistochemical staining was performed with the DAKO autostainer system (DAKO) for all steps from endogenous peroxidase blocking through the application and development of the chromogenic substrate. The DAKO LSABϩ Kit was used with a 1:100 dilution of anti-caveolin (Transduction Laboratories, Lexington KY), an IgG 1 mouse anti-human antibody. Sections were incubated with biotinylated secondary antibody for fifteen minutes, and then with streptavidin alkaline phosphatase for fifteen minutes. The signal was visualized with 3,3'-diaminobenzidine in chromogen solution, which yielded a brown product at the site of the target antigen. Slides were counterstained with hematoxylin for thirty seconds. The positive internal control consisted of vascular structures, which showed cytoplasmic membrane staining. The negative control consisted of a 1:100 dilution of a nonspecific IgG 1 mouse antibody (DAKO) that was substituted for anti-caveolin. The distribution of immunoreactivity to anti-caveolin was analyzed (by IBBG and BRS) by quantifying the cytoplasmic membrane staining for each case. Positivity was defined as those cases in which over 90% of the neoplastic cells expressed cytoplasmic immunoreactivty for anti-caveolin.
RESULTS
Evaluation of H&E-stained slides by light microscopy showed typical histologic features of leiomyomas, lipomas, leiomyosarcomas, and liposarcomas. Immunoreactivity for anti-caveolin was demonstrated in the muscle, adipose, and vascular tissue of all the neoplasms, whereas immunohistochemical staining was absent in all sections stained with an isotype-matched control antibody. Anti-caveolin expression was also evaluated in nonneoplastic tissue and revealed consistent similar expression in adipose, muscle, and vascular tissue. Normal endometrial glands and stroma as well as renal tubules did not show anti-caveolin reactivity. Small bowel epithelium also showed no anti-caveolin immunoreactivity; however, the smooth muscle, muscularis propria, and vascular structures showed anticaveolin staining. Interestingly, the epidermis showed only basal layer immunoreactivity for anticaveolin, with the remainder of the epidermis showing no staining whatsoever.
Anti-caveolin staining was consistently expressed in all neoplasms of muscle, adipose, and vascular derivation. The leiomyomas showed strong diffuse anti-caveolin staining of the myocyte nucleus and cytoplasm and showed moderate staining of the endothelial cell nucleus and cytoplasm, whereas fibroblasts showed no staining (Fig. 1 ). Cutaneous and deep lipomas and chondroid lipomas showed diffuse peripheral adipocyte membrane staining, with focal nuclear membrane staining (Fig. 2) . Spindle cell lipomas showed strong membrane staining in vascular tissue and well-differentiated adipocytes, whereas the densely cellular spindle-cell foci showed no anti-caveolin immunoreactivity. Angiomyolipomas showed strong diffuse adipocyte membrane immunopositivity for anti-caveolin as well as membrane staining in vascular endothelium, vascular smooth muscle, and extravascular muscle (Fig. 3) . The angiolipomas showed similar adipocyte membrane staining, but the endothelial vascular membrane staining was greater than that of the adipocytes. A single thymolipoma showed no staining of Hassle's corpuscles and diffuse adipoctye membrane anti-caveolin immunopositivity, as encountered with the other lipomas. Leiomyosarcomas demonstrated anti-caveolin immunoreactivity of muscle-derived tissue that was associated with the level of differentiation, in that well-differentiated areas showed strong staining (Fig. 4) , whereas less differentiated areas showed weaker to absent staining (not shown). The epithelioid variants showed less immunoreactivity, whereas necrotic areas showed no anti-caveolin immunoreactivity. Liposarcomas showed a staining pattern that was also associated with level of differentiation in that welldifferentiated areas showed staining similar to that seen in lipomas with diffuse membrane adipocyte staining (Fig. 5) , whereas less differentiated areas showed weak to absent staining. There was no difference in anti-caveolin staining with respect to subtypes of leiomyosarcomas including myxoid, round cell, and pleomorphic subtypes. The patient's age and gender did not influence the immunohistochemical results.
DISCUSSION
Immunohistochemical analysis of the scaffolding protein caveolin failed to discriminate among a series of benign and well-differentiated smooth muscle and adipocyte neoplasms. Caveolin immunostaining was identified in both the nucleus and cytoplasm of cells that comprised a variety of mesenchymal tumors, including the adipocyte of all types of lipoma and well-differentiated liposarcoma, the myocyte of angiomyolipoma, leiomyoma, and well-differentiated leiomyosarcoma. The immunostaining properties were uniform among the cells of each of these lesions, and gender and age did not influence the results. All of the poorly differentiated and dedifferentiated sarcoma, including leiomyosarcoma and liposarcoma, showed weak immunoreactivity or failed to stain with caveolin. These observations may have important pathogenic implications.
Very little is known regarding the pathogenesis of smooth muscle and adipocyte transformation. An established role for the Epstein-Barr virus (EBV) in the pathogenesis of leiomyosarcoma has been shown among immunodeficient patients (6) . To the contrary, latent EBV infection is not thought to play a pathogenic role in leiomyosarcoma among immunocompetent individuals, nor is it thought to contribute to the pathogenesis of leiomyoma (7) . Acquired alterations in the tumor suppressor p53 and retinoblastoma (RB) genes have been repeatedly shown in leiomyosarcoma, thus implicating a pathogenic role for these tumor suppressor genes in myocyte transformation (8, 9) . These findings are underscored by the recent demonstration of consistent cytogenetic aberrations within these tumors, and the predictable existence of altered genomic sequences encoding important oncogenes and tumor suppressor foci. Recurrent alterations involving deletions of the long arm of the 7th chromosome (7)(q11.2-22q31-32) and translocation of the 12th and 14th chromosomes t(12, 14)(q14 -15;q23-24) have been shown in leiomyoma with diverse and complex rearrangements identified within leiomyosarcoma (10 -12) . Progressive and reproducible cytogenetic alterations have also been shown among lipomas, atypical lipomas, and liposarcomas. It has been postulated that these progressive genetic alterations are responsible for their pathogenesis and are manifest in the phenotypic continuum observed with these tumors (13) (14) (15) (16) (17) . For instance, lipomas at the benign end of the spectrum show 12q13-15 rearrangements, atypical lipomas show both a complex 12q13-15 rearrangement with isochromosome (ring) formation and 12q13-15 amplification, and finally, liposarcomas at the other end of the spectrum show translocation of the 12th and 16th chromosomes, t(12, 16)(q13;p11). The 12q13-15 chromosome region encodes for a series of important cell cycle kinase and tumor suppressor genes, including CDK4, the high-mobility group proteins (HMGs), and the p53 inhibitor MDM-2 (18, 19) . An essential function of caveolin is to directly interact with and regulate G-proteins and Ha-ras tyrosine kinase expression (3, 4) . Both of these proteins possess signal-transducing properties that ultimately bind to both CDKs and HMGs regulating RNA transcription and thus controlling the cell cycle (1) . Given the regulatory properties of caveolin and understanding that the genes encoded on the region of the altered 12th chromosome increasingly renders them capable of circumventing regulation, it is plausible that down-regulation or loss of caveolin contributes to or follows sarcomatous dedifferentiation as observed in this study. Furthermore, as antibodies to caveolin failed to stain the poorly differentiated or dedifferentiated sarcomas, it is possible that down-regulation of caveolin may represent a latent alteration permissive to or characteristic of tumor dedifferentiation. Interestingly, there was no difference in the immunolabeling intensity observed between the benign mesenchymal tumors and well-differentiated sarcomas. Our current findings differ slightly with a previous observation of an earlier detectable loss of caveolin expression among vascular-derived tumors of low malignant potential (5) . In the earlier study, there was a stepwise decrement in caveolin expression observed between benign vascular tumors such as lobular capillary hemangiomas, tumors of intermediate malignant potential such as hemangioendothelioma, and tumors of aggressive potential such as angiosarcoma. Determinants responsible for the differential properties of expression among mesenchymal tumors are yet unknown but could be due to inherently different levels of caveolin expression within endogenous tissues (1) or to differential regulation of expression by mitigating cellular influences within or outside the neoplastic cells.
